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COMPLETE SPECIFICATION 



Suspensions of Drugs Destined for Injection and Process for the Preparation thereof 



We, Organon Laboratories Limited, a 
British Company, of Brettenham House, 
Lancaster Place, London, W.C.2, do hereby 
declare the invention, for which we pray 

5 that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the 
following statement: — 

Attempts have been made for a long time 

10 to secure drugs having a prolonged action, 
especially when they are destined for paren- 
teral administration. The present invention 
relates to a process for the preparation of 
suspensions of drugs destined for injection, 

15 which suspensions have a prolonged action. 
A prolonged action is especially of great 
significance : 

a. in the case of drugs that are eliminated 
so rapidly that a very frequent adminis- 

20 tration is necessary to maintain a suffi- 
ciently high level in the blood and the 
tissues: 

b. in the case of drugs that have to be 
applied for a long time at a stretch and 

25 in some cases for the whole further life. 
Several methods are known to obtain a 
prolonged action. These methods may be 
divided into five groups: 

1. Physiological influencing of the resorp- 
30 Hon and the excretion. 

In this way a longer action can be ob- 
tained by administering a preparation 
for example intramuscularly instead of 
intravenously. Further the resorption of 
35 the drug can be retarded by adding to 
it, on intramuscular injection- a vaso- 
constrictor, such as adrenaline. 

2. Chan%ins> the solvent. 

When for example a drug is soluble 
40 both in water and in oil. the oily solu- 
tion turns out to have a more prolonged 
activity man the solution in water. Fur- 
ther the action of a medicament can be 
prolonged by adding to the solution 
45 substances that have a retarding effect 



on the resorption, such as gelatin and 
dextrans. 

3. Chemical change of the drug. . 
Sometimes a prolonged activity can be 
obtained by converting a drug into a 50 
derivative thereof which has for exam- 
ple a slighter solubility or is less rapidly 
excreted. 

4. The creation of a depot in the body by 
means of implantaHon. 55 
With this method a compact quantity 
of the drug is brought into the body by 
means of a small surgical performance. 
The drugs that are administered in this 
manner have to be in a nearly water 60 
insoluble form. A water-soluble com- 
pound is also rapidly absorbed by the 
body from the compact depot. 

5. Application of suspensions. 

When a drug is injected in a suspension 65 
form and not as a solution one may in 
general expect a more prolonged action. 
Such suspensions can be prepared by 
choosing a medium in which the drun 
is only sparingly soluble or by convert- 70 
ing the drug into a sparingly water- 
soluble derivative. 
As examples of such suspensions are men- 
tioned oily suspensions of adrenaline, 
heparin, and penicillin and aqueous suspen- 75 
sions of sparingly soluble insulin com- 
pounds. 

It is known that the duration of the action 
of crystal suspensions of hormones, such as 
oestradiol and extra zinc-containine insulin, 80 
is dependent upon the size of the suspended 
crystals. Conseauently. on preparing 1 one- 
acting crystal suspensions the duration of 
action can be controlled by the choice of 
the size of particles. For this purpose cry?- 85 
tals are prepared of a definite si7e of par- 
ticles or laree crystals are crushed to tbi* 
size. # 

This principle of controlling tne duration 
of action by choosing a definite size of parti- 90 
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cles could so far only be made use of with 
medicines that can be prepared in a crystal- 
line form. 

Now a process has been found for the pre- 
5 paration of long-acting suspensions of drugs, 
characterized in that a solid drug preparation 
is compressed after which a suspension is 
prepared in a suitable medium of the re- 
sulting solid body, divided into small parti- 
10 cles. 

By applying the process of the invention 
the surface per unit by weight of the drug is 
strongly minimized, as a result of which "the 
dissolving rate decreases. The result is that 

15 after injection a smaller quantity of the drug 
per time unit is made available than after 
injection of a preparation containing the drug 
in a less compressed form. 
The present process is of special import- 

20 anoe for the preparation of suspension of 
drugs which cannot be prepared in a crystal- 
line form. However, the process can also be 
applied to preparations which can be ob- 
tained in a crystal form. In general the pro- 

25 cess will not present special advantages in 
cases where crystals of the desired size can 
easily be prepared of the drug; however, it 
gives considerable advantages in cases where 
the preparation of suitable crystals of the 

30 drug in question presents difficulties or re- 
quires special experience or special know- 
ledge. 

According to the process of the invention 
it is in principle possible to reduce the rate 

35 of dissolving of any drug that consists of 
very fine particles and in this manner give 
that drug a prolonged activity. It wili be 
clear, however, that the rate of dissolving of 
readily water-soluble drugs in the body is so 

40 great that the reduction of this rate of dis- " 
solving gives no noticeable results. It makes, 
for example, in many cases practically no 
difference whether a drug dissolves com- 
pletely in two or in ten minutes. Ccnse- 

45 quently, application of the process as such 
to drugs which are readily soluble under 
physiological conditions has no advantages. 
With such preparations special measures will 
have to be taken which will be discussed 

50 hereinafter. 

So the process according to the invention is 
of special importance for the preoaration of 
suspensions of drugs which are poorly solu- 
ble under physiological conditions. As ex- 

55amples of such drugs are to be mentioned 
protein hormones for example the adrenocor- 
ticotropic hormone, the thyrotropic hormone, 
gonadotropic hormones, and glucagon, es- 
pecially when these hormones are combined 

60 with certain quantities of zinc, and further 
poorly soluble combinations of substances, 
such as henarin-butacaine, penicillin -pro- 
caine, ACTH-protamine-zinc. 
So the great advantage of the present pro- 

65 cess is that suspensions can be prepared 



which have a more prolonged activity than 
the known suspensions. 

Another advantage is that one is in a posi- 
tion to obtain various types of action by 
changing the distribution of the size of 70 
particles, this distribution determining the 
type of action of the preparation. By en- 
suring, during the preparation, the presence 
of very fine particles, preparations are ob- 
tained which may also exert a direct effect 75 
in addition to the desired prolonged effect. 

After compressing, the compressed pro- 
duct is divided into particles, the size of 
which is chosen such that the desired dura- 
tion of action is obtained. Theroetically 80 
these sizes of particles can have all possible 
values. . Practically it serves no purpose to 
make the particles very small because then 
there is no longer a strongly prolonged 
activity in regard to the starting product: 85 
nor may the particles be made so large that 
difficulties present themselves on injection. 
The maximal particle size useful for practice 
lies at about 250 microns; still larger parti- 
cles are difficult to maintain in a suspended 90 
form and injections of suspensions with 
particles larger than 250 micrcns require 
very thick injection needles. A size of parti- 
cles in the range of from 1-100 microns has 
appeared to be very suitable. With this size 95 
a properly prolonged activity is obtained, 
while on injection no or no material 
objections will present themselves. 

Since the injection of suspensions of some 
drugs may involve painfullness, it is recom- 100 
mendable to add in those cuses a small quan- 
tity of a local anaesthetic, such as procaine 
and xylocaine. 

With the process cf the invention start is 
made from a solid preparation. In most of 105 
the cases use will "be made of an air dry 
preparation. However, it is also possible to 
start from an entirely anhydrous preparation. 
The preparation is compressed to a glassy 
solid body under a pressure which is depen- no 
dent on the starting product but which should 
at least amount to 2,500 k?/cnr. With prep- 
arations* of protein hormones a pressure of 
5,000 kg/cm 2 will in general give excellent 
glassy solids. With products such as hepar- 115 
inbutacaine and penicillin -procaine a pres- 
sure of for example 10,000 kg /cm" will give 
very favourable results. The* resulting solid 
body can be sterilized in a simple manner, 
for example by means of ionizing rays, such 120 
as X-rays. 

The compressed product may be divided 
in any desired manner until the desired size 
of particles has been obtained. 

The compressed prcduci may first be 125 
sterilized and then be sround to the desired 
fineness for example in a ball mil! in a sterile 
isotonic solution. Of course it is also poss- 
ible to divide the product into small particles 
of the desired sizes in a dry condition, for 130 
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exa.nple by grinding, and suspend i; subse- 
quently, if necessary after sieving in the 
ds^ired medium. 
As a suspension medium is to be consid- 
5 ersd any medium that is suitable to be in- 
jec:sd and. in which the applied drug does 
not dissolve. The most frequently applied 
media are aqueous. In order to prolong the 
action of aqueous suspensions still further, 
10 substances with a resorption retarding effect 
may be added to them, such as gelatin and 
dextrans. At the same time suspension sta- 
bilisers may be added to the suspensions, 
for which purpose use may likewise be made 
15 of dextrans or of other polysaccharides of 
high molecular weight. 

In cases where the action of the starting 
product is dependent on the presence of cer- 
tain substances which are present in the sus- 
20 pension medium in solution, such substances 
will also have to be present in the medium 
in which the compressed and ground product 
is suspended. "The prolonged action for 
example of suspensions of certain biologic- 
25 ally active proteins is dependent on the total 
metal content in the suspension. One should 
therefore see to it that on preparing a sus- 
pension of such a compressed and ground 
drug an adequate, quantity of the metals in 
30 question is present in the liquid. 

Consequently the present process as such 
can advantageously be applied to medicines 
that are sparingly soluble under physio- 
logical conditions or which have been 
35 brought into a sparingly soluble form; also 
with soluble preparations a fairly prolonged 
activity can be obtained with the present 
Drocess after applying' some special mani- 
pulation. Here the drug is not compressed 
40 as such, but is first mixed with a compound 
which is sparingly soluble in the tissue fluids 
and then the thus obtained mixture is com- 
pressed. Mixing is preferably carried out in 
such a manner that the drug is precipitated 
45 from a solution on or simultaneously with 
the chosen insoluble compound. After separ- 
ating the thus obtained precipitate the latter 
is dried and compressed to a solid body. 
As sparingly soluble vehicles are to be con- 
50 sidered, e!g., zinc phosphate, calcium phos- 
phate, and aluminium phosphate. The drug 
may also be adsorbed on a sparingly soluble 
vehicle or may be allowed to form a com- 
plex compound with it. 
55 The mixing of drugs with vehicles which 
are sparingly soluble in the tissue fluids is 
not restricted to water-soluble drugs but may 
also be applied to sparingly soluble sub- 
stances. For example the activity of the 
60 known suspensions of testosterone adsorbed 
on aluminium phosphate can still further be 
prolonged by subjecting the adsorbate to the 
present process. As examples of drugs which 
can be compressed toeether with a sparingly 
65 soluble vehicle are to be mentioned vitamin 



B u , heparin, and atropine derivatives. 

Although the process is of special impor- 
tance for the preparation of aqueous sus- 
pensions, it is not restricted to same. It is 
also possible to suspend the compressed 70 
products after for example grinding in other 
media suitable for injection, such as arachis 
oil. This will especially be done in those 
cases where the drug in question is not stable 
in an aqueous medium or is resorbed there- 75 
from too rapidly. 

In the case of drugs that are not stable in 
aqueous suspension or the physical condi- 
tion of which in aqueous medium is not 
stable (for example on account of the par- 80 
tides growing or on account of the soluble 
drug being dissolved, during storage, from 
the compressed insoluble vehicle by the sus- 
pension agent), it is recommendable to sus- 
pend the dry powder in the suspension 85 
medium a short time before the injec- 
tion. A suspension may also first be 
prepared of the powder and lyophilized. 
In most of the cases the suspension 
medium will be marketed in a separate am- 90 
poule together with the lyophilized suspen- . 
sion of the ground dry powder in a separate 
container. 

The process according to the invention is 
especially of importance for the preparation 95 
of additional zinc-containing suspensions of 
amorphous insulin. These suspensions have 
a duration of action which is prolonged in 
regard to that of corresponding suspensions 
of amorphous insulin not compressed ac-100 
cording to the invention. 

An advantage of the use of the present 
process in the last-mentioned case is that 
preparations can be produced with an action 
corresponding to that of additional zinc- 105 
containing suspensions of crystalline insulin, 
but 'using amorphous insulin. As a result of 
this it is not necessary to make use of com- 
plicated and time-consuming crystallization 
techniques, but start may be made from the 110 
more readily obtainable amorphous product. 

The following examples illustrate the in- 
vention. The known measures to obtain 
sterile preparations have naturally been ob- 
served with the processes described in the 115 
examples. 

FXAMPLE I 

Hewrin-butacaine complex 

To a 2 per cent, aaueous heparin solution 
is ?dded «o much of a solution containing 120 
30 per cent, by weight of butacaine sulphate 
that on further action no further precir ; - 
t*te i<? formed. The precipitate formed is 
removed by centrifugation. washed until 
militate can no Ion per be detected in the 125 
w»ch w*ter. and finely dried with acetone. 
P*r quantity hy weight of heparin the prec ; - 
\v****i contains about two Quantities bv 
wfaht of butacaine. The prpcipit»te is com- 
pressed under a pressure of 12,000 kg/cm a . 130 
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By grinding and sieving the thus obtained 
compressed plate is divided into particles 
which have a size of from 50-75 microns. 
_ The thus obtained powder is suspended in 
5 arachis oil to which 2 per cent, by weight 
of aluminium stearate have been added. In 
this manner a stable injectable suspension 
with strongly prolonged action is obtained. 
Example II 
10 Glucagon 

A suspension is prepared of the following 
composition : 
glucagon 3 t 500mg 
zinc (as zinc acetate) 1.400 mg 

15 glacial acetic acid 29,750 mg 

hydrochloric acid 500 mg 

Nipagin (Registered Trade Mark) 

3,500 mg 

sodium hydroxide solution to pH 7.1 
20 distilled water to 3.500 ml. 

The precipitate is separated and dried. It 
is then compressed to a glassy body under 
a pressure of 7,000 kg /cm 2 . After grinding 
and sieving to a particle size of from 5-40 
25 microns the thus obtained powder is sus- 
pended again in the clear mother-liquor of 
the original suspension. 
Example III 
Insulin 

30 At a pressure of about 5 000 kg 'cm 2 
amorphous insulin powder with a zinc con- 
tent of 1 .8 per cent, by weight is compressed 
for 30 seconds. During the compression the 
press is under high vacuum. The resulting 

35 solid is rubbed fine in a mortar under ex- 
posure to ultra-violet light. The resulting 
powder is suspended in a sterile solution con" 
taining 0.008 per cent, by weight of zinc as 
chloride. 0.9 per cent, by weight of sodium 

40 chloride and 0.1 per cent, by weight of 
Nipagin. Then some more of the said sterile 
solution is added until a suspension is ob- 
tained which contains per mi 40 international 
units of insulin. This suspension has a pro- 

45 longed action. 
Example IV 
Insulin 

An isotonic aqueous suspension of amor- 
phous insulin is prepared containing, in ad- 

SOdition to a preservative. 1.5 mg of glycocole 
per ml and 700 ng of zinc per 100 inter- 
national units of insulin. From one litre of 
this suspension the precipitate is removed 
by centrifueation. The mother-liquor is 

55 stored. The precipitate is washed with resp. 
300 ml of dry acetone and 200 ml of ether. 
After drvine in air 1.68 em of amorphous 
insulin is obtained with an enhanced zinc 
content and a moisture content of about 9 

60 per cent, by weight. At a pressure of 15,000 
ke/cm 3 150 me of this insulin are com- 
pressed to a glassy solid with a specific 
gravity of 124 while the press is under 
vacuum. 2 ml of the above mother-liauor 

65 are poured upon the solid and the whole 



is ground in a micro ball mill for 3 hours. 
The resulting suspension is diluted to 88 ml 
with the mother-liquor. The resulting sus- 
pension contains 40 international units of 
insulin per ml while the size of particles 70 
amounts to from 1 »i to about 20 «. The 
suspension has a prolonged action which is 
greater than that of the suspension from 
which start was made. 

Example V 75 
Insulin 

As starting product is used a suspension 
of a coupling product of insulin with sal- 
raine. This suspension has the following 
composition per ~ ml: "80 
insulin 40 international units 
salmine sulphate 200 ».g 

glycerol 16 mg 

metacresol 1.6 mg 

phenol 0.65 mg 85 

sec. sodium phosphate 2 mg 
zinc (as acetate) 12 ng 

water 1 ml 

pH 7.25 
The precipitate is removed from the sus- 90 
pension in the manner of Example IV, sub- 
sequently compressed to a solid body at a 
pressure of 1500 kg/cm 2 and then ground 
in the original mother-liquor. This time 
grinding until a size of particles of from 95 
about 1 to about 30 The preparation has 
both rapid and prolonged actions. 
Example VI 
Insulin glucagon 

A suspension of the following composi-100 
tion: 

insulin 200.000 1.U. 

glucagon 4.000 mg 

zinc (as zinc chloride) 2,000 mg 

glacial acetic acid 42.500 mg 105 

hydrochloric acid 720 mg 

Nipagin 5030 mg 

sodium hydroxide solution to pH 12 
distilled water to 5.000 ml 

is processed, in the manner of Example II. 110 
to a suspension with particles of from 5-40 
microns. 
Example VIII 
Adrenocorticotropic hormone 

A suspension is prepared of the following 115 
composition : 
ACTH 40USPU'ml 
zinc fas acetate) 1.5mg'ml 
glycerol lSms'ir! 
phenol 5m?/m1 120 

sodium hydroxide solution to pH 8.0. 
The precipitate, which contains the active 
constituent, is separated by centrif ligation. 
The mother-liauor is stored. The senarated 
precipitate is washed a few times with 1 25 
acetone and dried. It is subsequently com- 
pressed imder a pressure of 14^800 k^'cm 2 . 
The resnl tins transparent brown nlate is oul- 
verized in a mortar and sieved through a 
sieve with a size of the meshes of 53 130 
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microns. Then the powder is suspended in. 
the above mother-liquor. 
Example VIII 
Adrenocorticotropic hormone 
5 The suspension which is used as starting 
product for the preparation of an extremely 
strongly long-acting ACTH preparation has 
the following composition: 
ACTH 20USPU/ml 
10 zinc (as zinc chloride) 1.5 mg/ml 

tertiary sodium phosphate 2.5 mg/ml 
glycerol 15 mg/ml 

phenol 5 mg/ml 

sodium hydroxide solution to pH 6.0. 
15 By means of centrifugation the precipitate 
is separated from the. suspension and dried 
after washing with acetone. Subsequently it 
is pressed under a pressure of 5,000 kg /cm 2 . 
The thus obtained plate is pulverized and 
20 sieved through a sieve with a size of the 
meshes of 53 microns and subsequently sus- 
pended in the mother-liquor of the original 
suspension. 
Example IX 
25 Lipoic acid 

1 gm of lipoic acid (as sodium salt) is 
mixed very intimately with 3 gm of calcium 
phosphate. A hard solid body is pressed of 
the mixture under a pressure of 15,000 kg/ 
30 cm*. This is ground while dry and sieved to 
a size of particles of from 40-60 microns. 
The thus obtained powder is dispensed in 
ampoules in such a manner that each 
ampoule contains 200 mg of the powder. 
35 For injection an isotonic liquid is added to 
the ampoule as a result of which an inject- 
able suspension is obtained after shaking. 
Example X 
Thyrotropic hormone 
40 From a suspension of the following com- 
position : 

thyrotropic hormone 5 USP U/ml 
zinc (as zinc chloride) 2 mg/ml 

phenol 5 mg/ml 

45 glycerol 20 mg/ml 

sodium hydroxide solution to pH 7.5 
the precipitate is separated by centrifuging. 
The precipitate is dried with acetone, after 
which it is compressed under a pressure of 
50 7,000 kg/cm 3 . The thus obtained hard plate 
is broken to pieces and brought in the 
mother-liquor which has been obtained by 
centrifuging the suspension. The pieces are 
ground in the mother-liquor by means of a 
55 ball mill until a suspension has been obtained 
with an average size of particles of 40 
microns. 
Example XI 
Antidiuretic hormone 
60 100 mg of a powder obtained by extract- 
ing posterior lobes of hog pituitaries which 
contains 500 antidiuretic units, is compressed 
under a pressure of 5,000 kg/cm 2 . The thus 
obtained plate is ground and sieved through 
65 a sieve with a size of the meshes of 40 



microns. The thus obtained powder is sus- 
pended in 100 ml of arachis oil. The thus 
obtained suspension contains 5 antidiuretic 
units per ml. 

Example XII 70 
Testosterone 

10 gm of testosterone are dissolved in 
100 ml of ethanol. This solution is added to 
200 ml of an aqueous suspension of 2 gm of 
aluminium phosphate. The precipitate is 75 
separated and, after drying, pressed at a 
pressure of 15,000 kg/cm 1 . The compressed 
material is ground and sieved to a size of the 
particles of on an average 30 microns and 
subsequently suspended in an isotonic liquid 80 
in such a manner that the suspension con- 
tains 25 mg of testosterone per ml. 
Example XIII 
Penicillin procaine 

An intensively stirred mixture of equal 85 
parts by weight of penicillin and procaine 
(free base) is compressed under a pressure of 
10,000 kg/ cm 2 . The compressed piece is 
ground and sieved to obtain particles with 
sizes of from 40-60 microns. Of the thus 90 
obtained powder an injectable suspension is 
obtained by mixing with an isotonic liquid. 
Example XIV 
Heparin 

120 parts by weight of heparin (activity 95 
140 IU/mg) and 80 parts by weight of very 
finely crystalline tricalcium phosphate are 
mixed intensively, after which the mixture is 
compressed under a pressure of 7,000 kg/ 
cm 2 . The hard pressed piece is ground in a 1Q0 
ball mill until a size of the particles of from 
5-20 microns. 

The powder is packed in an ampoule. By 
mixing it immediately before injection with 
an aqueous solvent containing 2.5% glycerol 1Q5 
and 0.1% Nipagin an injectable suspension 
is obtained. 
Example XV 
Vitamin B l2 

1 part by weight of vitamin B l3 is mixed no 
very intensively with 100 parts by weight of 
tricalcium phosphate. The mixture is com- 
pressed under a pressure of 10,000 kg /cm 2 , 
after which the compressed piece is divided 
into particles, by grinding and sieving, of 115 
sizes of on an average 40 microns. This 
powder is dispensed in ampoules under 
sterile conditions. Each ampoule contains 
100 mg of the powder. By adding, a short 
time before the injection, a sterile isotonic 120 
aqueous liquid to the powder and shaking it 
therewith, an injectable suspension of vit- 
amin B l2 is obtained. 

In the same manner a preparation is ob- 
tained containing the same amount of vit- 125 
amin B l8 -tannate instead of vitamin B,*. 
Example XVI 
Atropine tannate 

100 mg of atropine tannate are mixed in- 
timately with 4 gm of very finely divided 130 
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tricalcium phosphate. The mixture is com- 
pressed under a pressure of about 10,000 
kg/cm 2 . The compressed piece is ground 
and sieved to a size of the particles of from 
S 20-60 microns. The powder is suspended in 
an isotonic liquid and that in such a manner 
that 1 ml of the resulting suspension contains 
1 mg of atropine tannate. 
WHAT WE CLAIM IS : 
10 I. A pharmaceutical preparation destined 
for injection consisting of a suspension of a 
drug in a parenterally acceptable non-toxic, 
liquid carrier in which said drug is substan- 
tially insoluble, the suspended particles of 
15 said suspension having been prepared by 
compressing the drug in question at a pres- 
sure of at least 2,500 kg/cm 2 to a solid body 
and subdividing said solid body to particles 
the maximum size of which amounts to 
20 250 microns, 

2, A pharmaceutical preparation destined 
for injection consisting of a suspension of a 
drug in a parenterally applicable non-toxic 
liquid carrier in which said drug is substan- 
tially insoluble, the suspended particles of 
said suspension having been prepared by 
mixing , said drug with a pharmaceutically 
acceptable, non-toxic, solid carrier, which is 
substantially insoluble in the body fluids, 



compressing the thus obtained mixture at 30 
a pressure of at least 2,500 kg/ cm 2 to a solid 
body and subdividing said solid body to 
particles the maximum size of which amounts 
to 250 microns. 

3. A pharmaceutical preparation accord- 35 
ing to Claim 2 in which said solid carrier is 
tricalciumphosphate. 

4. A pharmaceutical preparation of a drug 
destined for injection consisting of a substan- 
tially dry powder which before the injection 40 
is to be suspended in a parenterally applic- 
able non-toxic liquid carrier, said powder 
having been prepared by compressing at a 
pressure of at least 2,500 kg/cm 2 a drug or 

a mixture of said drug and a pharmaceutic- 45 
ally acceptable, non-toxic, solid carrier, sub- 
stantially insoluble in the body fluids, to a 
solid body and subdividing said solid body 
in particles the maximum size of which 
amounts to 250 microns. 50 

5. Pharmaceutical preparations substan- 
tially as herein described with reference to 
the foregoing examples. 

BROMHEAD & CO., 
Chartered Patent Agents, 
St. Paul's Chambers, 19/23, Ludgate Hill, 
London, E.C.4. 
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